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SUMMARY: The aim of this study is to evaluate the chemical compositions (total phenol, fatty acid, sterolic 
compounds) of Iranian virgin olive oil (Zard, Rowghani, Mari) cultivated in the Gilvan (Zanjan Province) 
and Fadak (Qom Province) regions. Total phenols were determined using the Folin-Ciocalteu assay. Fatty acid 
and sterol profiles were also analyzed using gas chromatography. In most cases, significant effects (P<0.05) of 
cultivars and locations were detected by the chemical composition of the oil samples. The fatty acid analysis 
indicated that the Mari variety from Gilvan had high oleic/low linoleic acid content; therefore it is a highly resis-
tant olive oil against oxidation. Furthermore, the high mean values of total sterols were also obtained for the 
Mari variety. The oil of the Zard variety from Gilvan had the maximum amount of phenols as a positive quality 
index. Therefore, the Mari variety, especially from Gilvan has been suggested as a superior cultivar compared to 
the Zard and Rowghani varieties.
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RESUMEN: Propiedades químicas de aceites de oliva virgen de cultivares iraníes de las regiones de Fadak y Gilvan. 
El objetivo de este estudio fue evaluar la composición química (fenoles totales, ácidos grasos, y esteroles) de 
aceites de oliva virgen iranies (Zard, Rowghani, Mari) cultivados en las regions de Gilvan (provincia de Zanjan) 
y Fadak (provincia de Qom). Los fenoles totales se determinaron utilizando el método de Folin-Ciocalteu. Los 
perfiles de ácidos grasos y de esteroles se determinaron mediante cromatografía de gases. En la mayoría de los 
casos, existen diferencias significativos de los cultivares y los lugares detectados por la composición química 
(P<0,05 ). El análisis de ácidos grasos indicó que la variedad Mari de Gilvan presenta una relación alta oleico/
linoleico; por lo tanto, es un aceite de alta resistencia contra la oxidación. Por otra parte, los valores medios altos 
de esteroles totales también fueron obtenidos para la variedad Mari. El aceite de la variedad Zard de Gilvan 
presentó la mayor cantidad de fenoles, considerado este valor como un índice de calidad positivo. La variedad 
Mari especialmente en Gilvan se sugeriere como un cultivar superior en comparación con las variedades Zard 
y Rowghani.
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1. INTRODUCTION
The olive tree (Olea europaea Linn.) is one of 
the oldest known agricultural trees in the world, 
and originated in upper Mesopotamia, the mari-
time parts of Asia Minor and part of northern Iran 
at the southern coast of the Caspian Sea (Kiralan 
et al., 2009). Irainan olive oil has received more 
attention recently as a major component of the 
Mediterranean diet (Piravi-Vanak et al., 2009). 
The majority of olive cultivars are located in the 
north of Iran (Gilan, Golestan and Zanjan) and 
to a smaller extent in the Khozestan, Qom and 
Fars regions. The traditional olive varieties grown 
in Iran include Zard, Rowghani, Mari, Gelooleh, 
Shengeh, Khormazeitoon, Khara, Dakal, Dezful, 
and Phishomi. Foreign cultivars namely Koroneiki 
and Arbequina are also cultivated and harvested in 
Iran (IOOC, 2012).
Virgin olive oil is acknowledged for its pleasant 
aroma and flavor, oxidative stability, nutritional 
and health effects due to its chemical composi-
tions. Fatty acids are the most predominant compo-
nents in olive oil. The beneficial health-promoting 
effects of  virgin olive oil have been attributed to 
its high monounsaturated fatty acids (MUFAs) 
and other natural compounds such as vitamins, 
polyphenols and other radical scavenging compo-
nents (AL-Maaitah et al., 2009; Pinelli et al., 2003). 
Furthermore, it has been reported that the high 
content of oleic acid might reduce the risk of breast 
cancer and decrease low density lipoprotein (LDL) 
cholesterol and triglycerides, hence decreasing 
blood pressure and cardiovascular disease (Pinelli 
et al., 2003; Covas et al., 2007). Fatty acid compo-
sition also affects the oxidative stability of edible 
oils; consequently the high resistance of virgin olive 
oil to oxidation is mainly due to its high oleic acid 
content (Cinquantaa et al., 2001). This leads to an 
important commercial benefit of olive oil.
Plant-derived sterols (phytosterols) are the most 
important portion of the unsaponifiable fraction of 
lipids present in all plant-based food (Casas et al., 
2004). As reported in previous studies, every plant 
oil has a distinctive sterol profile which is a useful 
criterion for the classification of virgin olive oils 
based on their fruit variety (Ben Temime et al., 
2008). Additionally, it has been suggested that ste-
rols possess numerous biological characteristics 
such as cholesterol-lowering, anti-inflammatory 
and immune regulatory effects (Carr et al., 2010), 
antihypertensive and antioxidant activity (Yoshida 
et al., 2003) as well as antimicrobial features; there-
fore, they are considered as ingredients of functional 
foods (Ben Temime et al., 2008). Furthermore, the 
quantitative and qualitative analyses of fatty acids 
and sterolic composition can be helpful for the 
detection of authenticity and olive oil adulteration 
(Al-Ismail et al., 2010).
Virgin olive oil is an important source of phe-
nolic compounds as natural antioxidants (Saitta 
et al., 2009). Antioxidants can lead to a delay or 
slow propagation of undesirable changes in shelf  
life and nutritional properties and they are related 
to olive oil stability (Boskou, 2006). Furthermore, 
the antioxidant activity can lead to reduce the risk 
of oxidative stress and associated diseases such as 
Alzheimer, cancer, diabetes, rheumatoid, arthritis, 
inflammatory and cardiovascular diseases (Boskou, 
2006; Saitta et al., 2009; Prakash and Kumar, 2011).
The chemical compounds, fatty acid profiles and 
sterol composition of olive fruits are influenced by 
several factors. The effects of the nature of the cultivar, 
crop year (Allalout et al., 2009; Boskou, 2006), 
geographical region, climate (Piravi et  al., 2012), 
irrigation and water-stress situations (Stefanoudaki 
et al., 2001), degree of fruit ripeness, processing 
methods (Morello et al., 2004; Boskou, 2006) and 
storage conditions (Ben Temime et al., 2008), have 
been previously reported. Therefore, the diversity of 
these parameters influences the quality and compo-
sition of virgin olive oil in each location. However, 
there is little scientific evidence about the chemical 
properties of Iranian virgin olive oils in the Fadak 
and Gilvan regions. Fadak is considered the most 
important organic olive farm and Gilvan is the most 
significant olive cultvation region in Iran. Therefore, 
the aim of this study is to evaluate the composi-
tion of three common Iranian monovarieties (Zard, 
Rowghani and Mari) in these two top olive harvest-
ing regions. Hence, the effects of environ mental 
conditions and the nature of the olive cultivar on 
various parameters such as total phenols, fatty acid 
composition and sterol profiles of olive oils are 
investigated.
2. MATERIALS AND METHODS
2.1. Sample collection
Olive fruits (Olea europaea) of three Iranian mon-
ovarieties, Mari, Zard and Rowghani were collected 
from the Fadak farm (Qom Province) and Gilvan 
(Zanjan Province) in Iran. Sampling was conducted 
from the 10th of October to the 15th of November 
in the year 2012. The fresh and undamaged fruits 
(~5  kg sample) were randomly hand-picked from 
~35 trees at each region of the farm. The matu-
rity index (MI) of olive fruits was approximately 5, 
which has been determined according to the follow-
ing formula (Boskou, 2006):
MI = (a × 0) + (b × 1) + (c × 2) + (d × 3) + (e × 4)
  + (f  × 5) + (g × 6) + (h × 7)/100
Where a, b, …, h are the number of olives in 
each of the seven color classes from dark green 
to dark black. After harvesting, the samples were 
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transported to the Olive Research Station of 
Roudbar (Gilan, Iran) within 24 h for oil extraction.
2.2. Oil extraction
Oil extraction was performed using the labo-
ratory oil mill. The olive fruits were crushed in a 
hammer mill and kneaded for 20 min at 25 °C. The 
collected olive pulp was centrifuged at 3000 rpm for 
5 min and transferred into dark brown glass bottles 
and stored at −20 °C until experimental studies.
2.3. Analytical methods
2.3.1. Materials
Silica gel 60 F254 Aluminium sheets, n-hexane, 
KOH, hexane/diethylether (65: 35, v/v), chloro-
form, methanol and sodium carbonate were pur-
chased from Merck Darmstadt, Germany, gallic 
acid, Folin-Ciocalteu reagent was obtained from 
Sigma-Aldrich. All chemical agents were analytical 
grade.
2.3.2. Determination of total phenols
The total phenols of olive oil samples were mea-
sured using the Folin-Ciocalteu reagent by spectro-
photometer (Shimadzu, model UV-3100, Kyoto, 
Japan) at 765 nm as described by Montedoro et al. 
(1992). The concentration of total phenols was 
determined using gallic acid for the calibration 
curve (R2 = 0.998). The analyses were repeated in 
triplicates for each sample.
2.3.3. Analysis of sterolic compounds
Sterols were determined both qualitatively and 
quantitatively using the IOOC (COI/T.20/Doc. no. 
10/Rev. 1, 2001) standard method. The olive oil 
samples were saponified with an ethanolic potas-
sium hydroxide solution followed by the extraction 
of  the unsaponifiable matter. The sterol fraction 
was then separated onto a 20 × 20 cm thin layer 
chromatography (TLC) sheet made of  silica gel 
60 F254. The streols were analyzed by gas chro-
matography (YL6100GC, Young-Lin Inc., Korea) 
coupled with an FID detector. The chromatograph 
was equipped with a TYM5 capillary column 
((95%) dimethyl-(5%) diphenylpolysiloxane with a 
cross linked phase of  poly (dimethyldiphenyl) silox-
ane) of  30 m in length and an internal diameter of 
0.25 mm and with a uniform thickness between 
0.10 to 0.30 μm. The operating conditions were as 
follows: column temperature: 260 °C, injector tem-
perature: 280 °C and detector temperature: 300 °C. 
The velocity of  the carrier gas (Hydrogen) was 
10 to 30 cm·s−1. The amount of  injected sample 
was 2 μL with the flow rate of  1  mL·min−1. The 
quantification was performed by α-cholestanol 
(0.2% w/v, in chloroform) as internal standard.
2.3.4. Analysis of fatty acids
The fatty acid analysis was carried out based on 
the global method IOOC (COI/T.20/Doc. no. 25, 
2006). The fatty acid methyl esters were prepared 
according to IOOC method (COI/T.20/Doc. no. 24, 
2002). Methylated fatty acids were analyzed using 
gas chromatography (YL6500GC, Young-Lin Inc., 
Korea) equipped with a capillary column CP-Sil 18 
(60 m × 0.25 mm; particle size) and flame ionization 
detector (FID). Hydrogen was used as the carrier 
gas and the injection quantity was 1.2 μL with a flow 
rate of 4 mL·min−1. The temperature conditions of 
chromatograph were as follows: injector 250  °C, 
oven 175 °C (isothermal condition) and detector 
300 °C. The results were expressed as the relative 
percentage of each fatty acid.
Iodine Values (IV) were determined according to 
the percentages of fatty acids using following for-
mula (Haghighat Kharazi et al., 2012):
IV = (C16:1%) × 0.95 + (C18:1%) × 0.86 + (C18:2%)
  × 1.732 + (C18:3%) × 2.616
The Cox Value (oxidizability) of all olive oil sam-
ples was calculated based on the following relation 
as described by Fatemi and Hammond (1980):
Cox Value = [1(18:1%) + 10.3 (18:2%)
             + 21.6 (18:3%)]/100
2.4. Statistical analysis
One-way analysis of variance (ANOVA; P<0.05) 
was used to compare the data using SPSS 12.0 
software (SPSS INC., Chicago, IL, USA, 2002). 
Significant treatment means were calculated by 
Duncan’s New Multiple Range Test (Haquea et al., 
2009). The data are shown as mean values plus stan-
dard errors of means.
3. RESULTS AND DISCUSSION
3.1. Total phenolic compounds
The total phenolic content as the natural anti-
oxidants and quality index of the olive oil was 
determined using Folin–Ciocalteu by the spectro-
photometric assay (Gallina-Toschi et al., 2005; 
Haghighat Kharazi et al., 2012). As shown in Fig. 1, 
the significantly (P<0.05) highest concentration 
of total phenols was detected in the Zard variety 
of Gilvan (180 ± 3.00 mg of gallic acid·kg−1 of oil) 
while the significantly (P<0.05) lowest concentra-
tions were found in the Rowghani (104.00 ± 4.00 mg 
of gallic acid·kg−1 of oil) and Mari (113.00 ± 3.00 mg 
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of gallic  acid·kg−1 of oil) cultivars of Fadak. 
Consequently, this might cause improvements in 
the oxidative stability of virgin olive oil in the Zard 
variety of Gilvan. However, other components such 
as fatty acid composition, tocopherols and the pres-
ence of sterolic compounds might also be impor-
tant factors for these characteristics (Gallina-Toschi 
et al., 2005). These obtained values were consistent 
with those reported that the amount of total pheno-
lic compounds in olive oil is variable among differ-
ent varieties and regions (Haghighat Kharazi et al., 
2012).
3.2. Total sterols
The sterol fraction in olive oil might be regarded 
as a major component for detecting adulteration 
and checking authenticity of all cultivars (Table 1). 
In all varieties, the predominant components of the 
total sterol fraction were β-sitosterol, Δ5-avenasterol 
and campesterol. The other sterols in trace amounts 
include cholesterol, brassicasterol, stigmasterol, 
chlerosterol, stigmastadienol, stigmastenol and 
Δ7-avenasterol (Phillips et al., 2002; Cunha et al., 
2006).
The data showed that β-sitosterol is the most 
abundant sterol in olive oil. The highest β-sitosterol 
content was found in the Mari variety of the Fadak 
region (92.08%) and the lowest concentration was 
in the Rowghani variety of Fadak (87.11%). In 
previous studies, it has also been reported that 
β-sitosterol accounts for more than 75% of total 
sterols (Boskou, 2006; Ben Temime et al., 2008). The 
obtained data is similar to those published by some 
authors for virgin olive oil (Phillips et al., 2002; Ben 
Temime et al., 2008). The health-promoting effects 
of β-sitosterol such as lowering plasma cholesterol, 
preventing different types of cancers (colon, pros-
tate, and breast) has been previously mentioned by 
Awad et al. (2000), Whiting (2007) and Ben Temime 
et al. (2008). Regarding the fact that all olive fruits 
were harvested at the same maturity index (Salvador 
et al., 2001), the observed differences might be due 
to cultivar and geographical parameters such as cli-
mate and soil type (Cunha et al., 2006).
The levels of Δ5-avenasterol in olive oil samples 
were relatively lower than the values reported pre-
viously by Ben Temime et al. (2008); Rivera del 
Alamo et al. (2004) and they are in the range of 
1.43% (Mari cultivar of Gilvan) to 6.39% (Zard 
cultivar of Fadak), although they are in agreement 
with the results obtained by Itoh et al. (1981).The 
Δ5-avenasterol content of the Zard variety of Fadak 
(6.39%) was significantly (P<0.05) higher than the 
other cultivars and the Mari variety of Fadak (1.78%) 
and Gilvan (1.43%) were significantly (P<0.05) the 
FIGURE 2. Total sterols of the virgin olive oils from the Fadak 
and Gilvan regions. Different small letters 
show significant differences at P<0.05.
FIGURE 1. Total phenols of the virgin olive oils from the Fadak and Gilvan regions. 
Different small letters show significant differences at P<0.05.
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lowest ones. Wang et al. (2002) reported that Δ5-
avenasterol at elevated temperatures exhibited anti-
oxidant activity and improved oxidative stability in 
olive oil under frying condition.
As shown in Table 1, the campesterol content 
of olive oils range from 2.65% (Rowghani cultivar 
in Gilvan region) to 5.49% (Rowghani cultivar of 
Fadak). According to the Codex Alimentarius and 
IOOC standard, the maximum concentration of 
campesterol should be lower than 4% of the total 
sterols (Codex, 2003; IOOC, 2011). The mean 
values for all cultivars (2.65% to 3.81%) except 
the Rowghani olive oil of Fadak (5.49%) was in 
agreement with the standards. Similar values were 
reported by Ben Temime et al. (2008). Higher values 
of some virgin olive oil exceeded the upper limit of 
the international standards such as the Rowghani 
variety of Fadak in this study, which has also been 
previously determined by Rivera del Alamo et al. 
(2004).
Table 1 shows that the values of stigmasterol for 
the Zard (0.48%) and Rowghani (0.40%) varieties of 
Fadak. The acceptable level of stigmasterol accord-
ing to the Codex Alimentarius and IOOC stan-
dard must be less than that of campesterol (Codex, 
2003; IOOC, 2011). Our findings indicated a similar 
result. The data showed that stigmasterol was signif-
icantly (P<0.05) affected by the geographical loca-
tion. Similar findings were previously obtained by 
Ben Temime et al. (2008) and Salvador et al. (2001). 
Organoleptic defects and high acidity levels due to 
high contents of stigmasterol have been given atten-
tion in previous studies (Ben Temime et al., 2008). 
The ratio of campesterol to stigmasterol as the 
quality index has also been evaluated as shown in 
Table 1.
The apparent β-sitosterol (sum of chlerosterol, 
β-sitosterol, Δ5-avenasterol, stigmastadienols and 
sitostanol) according to the authenticity index must 
exceed 93% of total sterols based on the Codex 
Alimentarius and International Olive Oil Council 
(IOOC) Standard (Codex, 2003; IOOC, 2011). The 
obtained data was consistent with the standard val-
ues and those reported by Ben Temime et al. (2008).
According to Codex Alimentarius standard, the 
minimum concentration for total sterols of olive oil 
is 1000 mg·kg−1 (Codex, 2003). Total sterol concen-
trations in the varieties examined were found to be 
greataer than the standard limit and the lowest level 
was 1123 mg·kg−1 for the Zard variety of Gilvan 
while the Mari oil of Fadak had a higher quantity 
of this class compound (1925 mg·kg−1). The antioxi-
dant activity and health-promoting effects of total 
sterols of olive oil have been already mentioned 
(Yoshida et al., 2003; Carr et al., 2010); therefore, the 
Mari oil was evaluated as a good variety, regarding 
sterols. The findings in this work were in agreement 
with those reported by Ben Temime et al. (2008) 
who found that values varied between 1017 mg·kg−1 
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and 1522 mg·kg−1, but our results were low compared 
with Alves et al. (2005) who found the total content 
of sterol to range from 2003 to 2682 mg·kg−1.
3.3. Fatty acid composition
Table 2 presents the fatty acid composition of 
olive oil cultivars in both regions. The predominant 
fatty acid of all cultivars is oleic acid followed by 
lower concentrations of linoleic, palmitic, stearic 
and palmitoleic acids with traces of linolenic and 
arachidic acids. The obtained results are consistent 
with previously published literature (Aguilera et al., 
2005; Hashempour et al., 2010; Haghighat Kharazi 
et al., 2012).
The amount of palmitic acid, the major satu-
rated fatty acid, is found in the range of 11.4% to 
18.1%, which is in accordance with the IOOC and 
Codex standard (7.5–20%). As shown in Table 2, the 
least mean palmitic acid content was determined in 
the Mari variety of Gilvan as the low mean annual 
temperature. Ranalli et al. (1999) and Kiralan et al. 
(2009) noted that fatty acid composition is tempera-
ture dependent and as the temperature decreases the 
saturated fatty acid contents increase.
The mean values of oleic acid as the predominant 
fatty acid were in the range of 57% to 76% (Table 2) 
according to olive oil Codex standard (Codex, 2003) 
and IOOC regulations (IOOC, 2011). In the previ-
ous studies, the amounts of oleic acid of Iranian 
cultivars were also aligned with the international 
regulations (Hashempour et al., 2010; Haghighat 
Kharazi et al., 2012). Besides, changes in oleic acid 
contents were observed in different varieties of olive 
TABLE 2. Fatty acid percentage (mean values ± SE) of virgin olive oils in the Fadak and Gilvan regions
GilvanFadak
MGRGZGMFRFZF
11.4 ± 0.10b16.75 ± 0.15a13.10 ± 0.30b13.00 ± 0.60b18.10 ± 0.00a12.85 ± 0.95bC16:0
0.01 ± 0.00a0.05 ± 0.05 a0.05 ± 0.05 a0.10 ± 0.00 a0.10 ± 0.00a0.05 ± 0.05aC16:1t
0.95 ± 0.05b1.40 ± 0.10a1.15 ± 0.05b1.15 ± 0.05b1.40 ± 0.00a1.10 ± 0.10bC16:1c
––––––C17:0
0.01 ± 0.00a–0.10 ± 0.00a0.10 ± 0.00a0.10 ± 0.00a–C17:1
2.55 ± 0.05c2.90 ± 0.00ab2.75 ± 0.05bc2.30 ± 0.00d2.80 ± 0.00b3.05 ± 0.15aC18:0
76.90 ± 0.1a58.25 ± 0.05e69.05 ± 0.25c74.75 ± 0.45b57.00 ± 0.00e66.25 ± 0.85dC18:1
6.70 ± 0.00g19.05 ± 0.05a12.55 ± 0.05d7.10 ± 0.00e18.70 ± 0.00b15.40 ± 0.2cC18:2
0.40 ± 0.00a0.40 ± 0.00 a0.40 ± 0.00 a0.35 ± 0.00 a0.40 ± 0.00 a0.40 ± 0.00 aC18:3
0.25 ± 0.05a0.20 ± 0.00 a0.20 ± 0.00 a0.20 ± 0.00 a0.20 ± 0.00 a0.25 ± 0.05aC20:0
0.50 ± 0.00c0.60 ± 0.00bc0.55 ± 0.05bc0.65 ± 0.05b0.90 ± 0.00a0.60 ± 0.00bcC20:1
0.15 ± 0.05a0.05 ± 0.05a0.10 ± 0.00 a0.10 ± 0.00a0.10 ± 0.00a0.05 ± 0.05aC22:0
–0.35 ± 0.00 a––0.30 ± 0.00 a–C22:1
14.35 ± 0.05b19.90 ± 0.10a16.10 ± 0.35b15.60 ± 0.60b21.20 ± 0.00a16.20 ± 1.10bSFA
85.6 ± 0.05a80.10 ± 0.10c83.8 ± 0.35b84.2 ± 0.40ab78.90 ± 0.00c83.8 ± 1.10bUFA
78.55 ± 0.05a60.65 ± 0.15e70.90 ± 0.3c76.75 ± 0.35b59.80 ± 0.00e68.00 ± 0.90dMUFA
7.10 ± 0.00g19.45 ± 0.05a12.95 ± 0.05d7.45 ± 0.05e19.10 ± 0.00b15.80 ± 0.20cPUFA
0.167 ± 0.00b0.284 ± 0.00a0.19 ± 0.01b0.19 ± 0.01b0.27 ± 0.00a0.19 ± 0.15bSFA/UFA
11.06 ± 0.01a3.11 ± 0.02e5.47 ± 0.00c10.3 ± 0.02b3.13 ± 0.00e4.30 ± 0.00dMUFA/PUFA
11.47 ± 0.02a3.05 ± 0.01e5.50 ± 0.00c10.52 ± 0.06b3.04 ± 0.00e4.30 ± 0.00dOleic/Linoleic
1.54 ± 0.00e2.63 ± 0.01a2.06 ± 0.01d1.55 ± 0.02e2.58 ± 0.00b2.33 ± 0.03cCox Value
79.69 ± 0.39d85.74 ± 0.22ab83.26 ± 0.25c78.59 ± 0.47d83.78 ± 0.00bc85.73 ± 1.17aIV
ZF, Zard variety of Fadak; RF, Rowghani variety of Fadak; MF, Mari variety of Fadak; ZG, Zard variety of Gilvan; RG, Rowghani 
variety of Gilvan; MG, Mari variety of Gilvan.
SFA, Saturated fatty acid; UFA, Unsaturated fatty acid; MUFA, Monounsaturated fatty acid; PUFA, Polyunsaturated fatty acid; IV, 
Iodine Value.
Values with different small letters in a same row are significantly different at P<0.05.
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oil, which might be due to the diversity of cultivars 
and environment conditions. The Mari variety of 
Gilvan (76.90 ± 0.10) achieved the highest mean 
value (P<0.05). The data indicated that the oleic 
acid content of each variety in Gilvan with a higher 
annual mean temperature is significantly (P<0.05) 
higher than that obtained from the Fadak region. 
This is in agreement with previous studies which 
also reported that the increase in environmental 
temperature leads to a decrease in the oleic acid 
content (Rondanini et al., 2011). High oleic acid 
content leads to an increase in oxidative stability 
and antihypertensive activity and LDL cholesterol 
lowering effects have been shown (Psaltopoulou 
et al., 2004).
Based on the obtained data, the percentage of 
linoleic acid (6.7% to 19.05%) was in agreement 
with the Codex standard and IOOC regulation (3.5 
to 21%). The Mari variety of Gilvan contains the 
significantly lowest linoleic acid content (P<0.05) 
among all other olive samples. Rondanini et al. 
(2011) stated that there is a negative correlation 
between oleic acid and linoleic acid contents of olive 
oils which is in accordance with our findings. The 
ratio of oleic to linoleic acid was also in the range 
of 3.04% to 11.47% and the Mari variety of Gilvan 
showed the highest mean value. Consequently, the 
variation in oleic and linoleic compositions may 
be explained by different enzyme activities dur-
ing triacylglycerol biosynthesis for each cultivar 
(Hashempour et al., 2010).
There were no significant differences (P≥0.05) 
between cultivars regarding linolenic acid con-
tents. Moreover, linolenic acid contents of  the all 
cultivars were in accordance with the standards 
(Codex: <1.5 and IOOC: ≤1). In the current study, 
the cultivars with low levels of  linoleic and palmitic 
acids showed concurrently high oleic acid contents 
such as the Mari variety of  Gilvan, which has been 
also published by other researchers (Rondanini 
et al., 2011).
The level of palmitoleic acid as a minor fatty 
acid in olive oil ranged from 0.95% to 1.40%. The 
Rowghani variety of Gilvan and Fadak had signifi-
cantly the highest concentrations among all culti-
vars (P<0.05). The average content of palmitoleic 
acid was consistent with those established by the 
Codex standard and IOOC regulation (0.3–3.5%).
As shown in Table 2 the stearic acid content was 
0.35% to 3.05%, which is in the range of the crite-
ria established in the IOOC and Codex (0.5–5%). 
The results also showed that the Mari variety of 
Fadak (2.30 ± 0.00) had the lowest stearic acid con-
tent while the Zard variety of Fadak (3.05 ± 0.15) 
contained the highest amount (P<0.05). In general, 
the ratio of saturated to unsaturated (S/US) fatty 
acids was 0.167% to 0.284% and the Mari variety of 
Gilvan had the lowest mean value due to the lower 
content of palmitic and stearic acids.
Based on our findings, the Iodine Values ranged 
from 78 for the Mari variety of  Fadak to 85 for the 
Zard variety of  Fadak and were in agreement with 
the Codex standard (75–94). Significant differen-
ces (P<0.05) were observed among all cultivars 
and locations (except for the Mari cultivar). The 
lowest mean for Iodine Values was obtained for 
the Mari varieties of  Fadak and Gilvan (Table 2), 
however the unsaturated fatty acids of  this culti-
var were at the highest concentrations. This might 
be attributed to the ratio of  oleic to linoleic acid, 
which is higher than other olive oils in the current 
study; therefore, it means that the percentage of 
monounsaturated fatty acid is greater than poly-
unsaturated fatty acid in this variety. As a result, 
the above-mentioned olive oils are more resistant 
to oxidation. The Cox Value as a determinant fac-
tor in oil stability also confirmed the obtained 
results. On the other hand, the Mari cultivars of 
Gilvan (1.54) and Fadak (1.55) which had the 
lowest value are more stable than other olive oil 
samples. In contrast, the highest Cox Value was 
observed in the Rowghani oil of  Gilvan (2.63) due 
to its high content of  polyunsaturated fatty acid, 
especially linoleic acid. Haghighat Kharazi et al. 
(2012) also found that the oil of  the Mari cultivar 
is more stable against oxidation than the Zard and 
Phishomi oils.
4. CONCLUSIONS
A study on Iranian virgin olive oil (Zard, 
Rowghani and Mari) in Gilvan (Zanjan Province) 
and Fadak (Qom Province) revealed that the total 
phenols, fatty acid profile and sterol composi-
tion of  olive oils correspond with the standards of 
Codex Alimentaurious except for the Rowghani 
olive oil of  Fadak regarding to campesterol. The 
results suggested that not only olive cultivars, but 
also the climate of  the growing region of  olive fruits 
plays important roles in the chemical composition 
of  fruit and consequently the extracted oil. The 
fatty acid analysis, Iodine and Cox Value showed 
that Mari oil is superior to Zard and Rowghani 
oils regarding oxidative stability, especially at the 
Gilvan location. In the current study, the Mari 
variety of  Fadak showed significantly the high-
est total content of  sterols (P<0.05) as compared 
to other samples. Therefore, the Mari cultivar was 
recommended as a superior cultivar compared to 
Zard and Rowghani, especially in Gilvan. Further 
study is required to obtain data on the character-
istics of  these Iranian cultivars (Zard, Rowghani 
and Mari) and also foreign cultivars grown in other 
regions of  Iran. Additionally, it has been suggested 
that the evaluation of  other chemical compositions 
of  Iranian olive oils such as pigments, tocopherol 
concentrations and organoleptic qualities of  oils is 
necessary.
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